Background: Limited information is available on whether antipsychotics prescribed in pregnancy are associated with increased risks of adverse outcomes.
Introduction
Antipsychotics are increasingly prescribed for schizophrenia, bipolar disorder and severe depression in women of child bearing potential (Hayes et al., 2011; Marston et al., 2014; Prah et al., 2012; Verdoux et al., 2010) as well as in pregnancy (Margulis et al., 2014; Petersen et al., 2014; Toh et al., 2013) . However, no psychotropic medication has been licenced for use in pregnancy and the 2014 National Institute for Health and Care Excellence (NICE) guidelines on antenatal and postnatal mental health emphasised that there are limited data on the safety of the use of these drugs in pregnancy and the postnatal period.(National Institute for Health and Care Excellence (NICE), 2014) This leaves women and their health care professionals in a treatment dilemma as they strive to balance all aspects of the mother's health as well as that of the unborn child.
In this study we used electronic health records from United Kingdom to examine potential adverse effects of antipsychotic medication prescribed in pregnancy on maternal and child outcome before and after adjustment for a range of health and lifestyle factors as well as concomitant psychotropic medication. We compare women who received antipsychotic prescriptions in pregnancy against women who discontinued treatment before pregnancy as well as women not receiving antipsychotics.
Methods
We used data from two electronic health records data sources, The Health Improvement Network (THIN) and the Clinical Practice Research Datalink (CPRD). These are large primary care databases that provide anonymised longitudinal general practice (family practice) data on patients' clinical and prescribing records and include data from around 10% of the United Kingdom population. Diagnoses and symptoms are recorded by practice staff using Read codes, which is a hierarchical coding system including more than 100,000 codes. (Chisholm, 1990; Davé and Petersen, 2009 ) The Read code system can be mapped to ICD-10, but in addition the Read codes include a number of symptoms and administrative codes. (Davé and Petersen, 2009 ) Information on weight, height, smoking habits, alcohol intake and illicit drug problems is also recorded as well as information on antenatal care and birth details, pregnancy outcomes and postnatal care. Prescriptions are issued electronically and directly recorded on the general practice computer systems. In addition, the databases holds individual patient level information about year of birth (month of birth for individuals below 15 years of age), date of registration, dates of death and transfer out of the practice. There is also a household identifier, which is the same for individuals who are registered with the same practice and live in the same household.
Over 98% of the UK population are registered with a general practitioner (GP, family doctor) (Lis and Mann, 1995) and the databases are broadly representative of the United Kingdom population. (Blak et al., 2011; Williams et al., 2012) However, Blak et al. demonstrated that THIN contained slightly more patients who lived in the most affluent areas. (Blak et al., 2011) While antenatal care is often shared between general practice staff and midwives, the GP remains responsible for women's general medical care during pregnancy including prescribing of medicines. Some women with psychosis also receive care from local National Health Service (NHS) mental health trusts, but most trusts have limited prescribing budgets and for most women prescribing of psychotropic medication remains with the GP during pregnancy and hence this information is available in THIN and CPRD.
During the late 1980's general practices started using computer systems for recording of consultations and patient managements and from the mid 1990's an increasing number became fully computerised. (Horsfall et al., 2013) In this study we utilised data from 1st January 1995 or when general practices met data quality standards. (Horsfall et al., 2013; Maguire et al., 2009; Williams et al., 2012) 
Pregnancy and mother-child cohorts
We created a cohort of pregnant women using data from THIN for the period 1 January 1995 to 31 December 2012. We subsequently linked the pregnant women's clinical records to those of a child with the same household identifier if they were registered with the same general practice within six months after they were born. Our pregnancy cohort was based on the: recorded date of delivery of the women; antenatal records, postnatal care records; the first day of last menstrual period (LMP); the estimated delivery dates (EDD). A very small proportion (1%) of the pregnancy cohort was identified from LMP and antenatal records alone. In order to increase the sample sizes of the cohorts of women who were prescribed antipsychotics before and during pregnancy we combined records from THIN and CPRD. Some practices contributed data to both databases and therefore we deduplicated the records as described by Cai et al.(Cai et al., 2010) 
Cohorts
We defined three sub-cohorts based on antipsychotic prescriptions. Cohort A contained women with records of antipsychotic treatments two years before start of pregnancy and with records of antipsychotic treatment issued between 31 and 105 days (inclusive) after the start of pregnancy (covering the critical period for many major congenital malformations)). Cohort B contained women with records of antipsychotic treatment in the two years before start of pregnancy, but no prescriptions issued after four weeks prior to pregnancy start. Cohort C contained women with no records of antipsychotic treatment in the two years before the start of pregnancy and through to the delivery date. Start of pregnancy was defined as the first day of LMP or 280 days before delivery if no records suggested a different duration of pregnancy.
To examine maternal outcomes we used the cohorts of pregnant women, while for the child outcomes we used the linked mother-child cohorts which were subsets of the pregnant cohorts including between 65 -75% of the pregnancies. For one child outcome, adverse birth outcome (see below) we replaced cohort A with a cohort of 322 women who received antipsychotic prescriptions in the last trimester of pregnancy as this is a more relevant risk period for these outcomes. Of these, 274 met the criteria for the original cohort A.
Antipsychotics
We used all antipsychotics listed in British National Formulary (BNF) (https://www.medicinescomplete.com/about/publications.htm) chapter 4.2.1 except prochlorperazine which is primarily prescribed for 'morning sickness' in pregnancy. Appendix 1 includes the names of the relevant antipsychotics.
Outcomes
Following maternal outcomes were examined: pre-eclampsia, gestational hypertension, gestational diabetes, perinatal death, and caesarean section. These are all outcomes that have previously been examined in association with exposure to psychotropic medication in pregnancy (Coughlin et al., 2015; Reis and Källén, 2008) . We included the following child outcomes: major congenital malformations, prematurity, low Apgar score (less than 7), low birth weight (less than 2500 g), , tremor, agitation, any breathing problems and problems with the infants' muscle tone. We combined prematurity and, low birth weight into one composite outcome which we refer to premature/low birth weight outcome and tremor, agitation, breathing and muscle tone problems, low Apgar score into a second composite outcome, which we refer to as adverse birth outcomes.
This was done for several reasons. First, from a mother's (and health care professional's) perspective these outcomes are all signs of adverse birth outcomes and as they are all equally relevant, there is no obvious choice of one over the other as a primary outcome. Further, the clinical decision to stop psychotropic medication in pregnancy is often based on a general uncertainty about adverse effects rather than the risks of specific adverse outcomes. (Nordeng et al., 2010; Petersen et al., 2015) Finally, the use of composite outcomes reduces the number of statistical tests and may improve the statistical power of the study, albeit with the potential disadvantage that results relate to a cluster of outcomes that make up the composite outcome, and cannot be extrapolated to the individual components. (Freemantle et al., 2003) Covariates We extracted information from the women's electronic health records on: age at delivery, calendar year of delivery, obesity (body mass index of 30 or above recorded in the year before LMP, but not in pregnancy), illicit drug use, alcohol problem, smoking status, pre-existing medical conditions (depression, epilepsy, psychosis, hypertension, diabetes), prescriptions of concomitant medication listed in the BNF chapter 4 including antidepressants, anxiolytics, hypnotics, anticonvulsant mood stabilisers and lithium. As our data are clinical data and records of illicit drug use, alcohol problems and smoking status are not entered on regular basis we considered records made up to three years before LMP or in pregnancy.
Data analysis
We tabulated characteristics of the women and the outcomes for each of the cohorts A, B and C and where there were more than five events we tabulated the numbers, absolute risks and risk difference with 95% confidence intervals. We estimated relative risk ratios using Poisson regression.
Comparisons were made between cohort A (women who had continued antipsychotic medication in the first part of pregnancy) and cohort B (women who had discontinued treatment before pregnancy) using the latter as reference category. Likewise, comparisons were made between cohort A and cohort C (women who had not been treated with antipsychotic medication) using the latter as reference category. In addition we stratified the cohorts on typical and atypical antipsychotics and estimated the absolute risks and risk differences, but as number of events for several outcomes were small we did not estimate relative risks.
Ethics
The scheme for THIN to obtain and provide anonymous patient data was approved by the National 
Results
In total, 319,520 women were included in the study. Of these, 416 received antipsychotic treatment in pregnancy and 670 received antipsychotics treatment before, but not in pregnancy (Table 1 ). The mean age of women who were prescribed antipsychotics in pregnancy (Cohort A) was 32 years compared to 30 years cohort B and C (Table 1) . A higher proportion of women who continued antipsychotics in pregnancy (Cohort A) as well as those who discontinued (Cohort B) had records of illicit drug use, alcohol problems, smoking and obesity than women not on treatment (Cohort C).
Hence, of the women in Cohort A 14% and 8% in Cohort B had a previous record of illicit drug use in contrast to 0.6% of women in Cohort C. For obesity the figures were 17% in cohort A and 12% in cohort B versus 6.5% in cohort C (Table 1) . More than 1 in 5 women who continued atypical antipsychotics in pregnancy were obese, far more than women on typical antipsychotics (Table 1) .
Many women who continued antipsychotics in pregnancy were also prescribed other medications listed in BNF chapter 4. Thus, 57% also received antidepressant and 11% anticonvulsant treatment.
In contrast less than 2% of the women in cohort C received antidepressants and less than 0.5% received anticonvulsant mood stabilisers.
The characteristics of women in the mother-child cohorts varied slightly from the distribution in the pregnancy cohorts (Table 2 ). More girls (54.5%) than boys (45.5%) were born to women in cohort A compared to cohort B and C (Table 2) .
Women in cohort A were more likely to deliver by caesarean section (25% (104/416)) than women in cohort C (18% (58,532/318,434)) (Table 3a) , but after adjustment for medication use and health and lifestyle factors there were no significant difference (Risk Ratio (adj.) 1.09 (95% CI 0.92 to 1.30) (Table 4 ). There was no difference in the risk of delivering by caesarean section between cohort A and B (table 4) and after adjustments, women in cohort A were at lower risk of developing gestational diabetes than women in cohort B (Risk Ratio (adj.): 0.43 (95% CI 0.20 to 0.93) ( Table 4) .
Notably in this analysis, obesity was strongly associated with gestational diabetes (Risk Ratio (adj.) 5.49 (95% CI 2.67 to 11.2) ( Table 4 ).
Ten out of 290 (3.4%) women prescribed antipsychotics in pregnancy (cohort A) gave birth to a child with a major congenital malformations in comparison to 2.2% in cohort B, and 2.1% in cohort C (Table 3a) , but the associations were not statistically significant (A vs B, Risk Ratio (adj) 1.79 (95% CI 0.72 to 4.47); A vs C, Risk Ratio (adj) 1.59 95% CI 0.84 to 3.00)). Children of women prescribed antipsychotics in pregnancy (cohort A) were more than twice as likely to experience premature birth/low birth weight than children of women in both cohort B and C (Table 3a and 5). The risk attenuated after adjustments, but there remained a significant difference between cohort A and B (Risk Ratio adj 2.04 (95% CI 1.13 to 3,67) and borderline difference between cohort A and C (Risk Ratio adj 1.43 (95% CI 0.99 to 2.05) ( Table 5 ).
Fourteen out of 233 (6%) women prescribed antipsychotics in the third trimester of pregnancy (cohort A) gave birth to a child which experienced an adverse birth outcome (tremor, agitation, breathing and muscle tone problems, low Apgar score) in comparison 4.7% in cohort B and 2.5% in cohort C. However, after adjustments for concomitant medication use and health and lifestyle factors there were no statistically significant difference (Table 5 ).
There were no marked differences in the absolute risks and risk differences for women who received typical or atypical antipsychotics (Table 3b and 3c).
Discussion
Women prescribed antipsychotics in pregnancy (cohort A) were at higher risks of giving birth by caesarean section and to experience adverse birth outcomes than women not prescribed antipsychotics (cohort C). The effects attenuated after adjustment for health and lifestyle factors and concomitant medication and were no longer statistically significant. Children of women prescribed antipsychotics in pregnancy (cohort A) were more than twice as likely to experience premature birth/low birth weight compared to children of women in both cohort B and C. This risk attenuated, but remained elevated after adjustments.
The prevalence of gestational diabetes was similar among women from cohort A and B. However, there was a 3 to 5-fold increased risk among obese women irrespectively of antipsychotic treatment in pregnancy. Once adjustments were made for obesity, women who continued treatment in pregnancy (cohort A) had less of a risk of gestational diabetes than women who discontinued treatment before pregnancy (cohort B).
A major strength of our study is the comparative cohort design allowing for examination of a range of outcomes in women of different exposure status. A limitation of our study is that exposure status was based on prescription data, hence it is possible that some women would not have taken antipsychotic treatment in pregnancy although they were prescribed the medication, this would lead to a bias towards the null.
Previous research on antipsychotic treatment in pregnancy includes pharmacovigilance studies from drug companies' safety databases (Brunner et al., 2013; Goldstein et al., 2000) The review highlighted, however, the occurrence of weight gain in women on atypical antipsychotics; a risk factor for both hypertension and diabetes which in turn exert their own risk on pregnancy outcomes. (Anderson et al., 2005; Henderson, 2007) Our findings suggest that the risks of gestational diabetes may operate via obesity in women treated with antipsychotics both before and during pregnancy, but our study was not designed to evaluate whether antipsychotics have a direct impact on weight gain during pregnancy.
A recent review suggested that women requiring antipsychotic treatment during pregnancy have a higher risk of adverse birth outcomes although most studies in the review made limited adjustment for potential confounding. (Coughlin et al., 2015) A Canadian study sought to account for confounding by matching treated and un-treated women on a range of factors and as a result found no differences . (Vigod et al., 2015) Our study results are similar to a Swedish birth register study on women who reported antipsychotics use in early pregnancy. (Reis and Källén, 2008) Thus, the Swedish study reported an elevated risk of preterm birth (Odds Ratios: 1.73 (95% CI 1.31 to 2.29) and low birth weight (OR: 1.67 (95% CI 1.21-2.29)). Initially the study also found a significant association between antipsychotic exposure in pregnancy and severe congenital malformations (OR 1.52 (95% CI 1.05 to 2.19)) mainly due to cardiovascular defects (atrium or ventricular septum defects), but after exclusion of women exposed to concomitant anticonvulsant medication, the odds ratio attenuated and was no longer statistically significant. (Reis and Källén, 2008) Risks of extrapyramidal and withdrawal syndromes associated with third trimester exposure of first generation antipsychotics have long been recognised (Falterman and Richardson, 1980) reduced to a small non-significant relative risk in a matched cohort analysis, suggesting that the observed patterns may be due to confounding by concomitant medication use as well as other factors such as alcohol and substance misuse. (Vigod et al., 2015) Like others we also observed a high prevalence of smokers and individuals with illicit drug problems as well as other factors that may have an inverse impact on pregnancy outcomes. 
Conclusions
Women receiving antipsychotic treatment in pregnancy are of higher risk of a range of adverse pregnancy outcomes. Except from low birth weight/premature birth, our results suggest that rather than being specific associations/effects with antipsychotics, these increased risks may be associated with other health and lifestyle factors which are more common in this group of women. These include greater levels of obesity, smoking, alcohol problems, concomitant medication and illicit drug use. It may therefore be counterproductive to discontinue antipsychotic treatment in pregnancy where such treatment is judged to carry important benefits for the mental health of the mother. 8319 (3.9) 5.7 (1.8, 9.6) 6.1 (2.6, 9.5) Adverse birth outcome** 14 (6) 23 (4.7) 5290 (2.5) 1.3 (-2.2, 4.9) 3.5 (0.4, 6.6) * Cohort A: Women prescribed antipsychotics in pregnancy, B: Women who discontinued antipsychotics before pregnancy, C: Women who were not on antipsychotic treatment. **For this outcome cohort A comprises women prescribed antipsychotics in third trimester (N = 233) -0.4, 6 .9) * Cohort A: Women prescribed atypical antipsychotics in pregnancy, B: Women who discontinued atypical antipsychotics before pregnancy, C: Women who were not on antipsychotic treatment. **For this outcome cohort A comprises women prescribed atypical antipsychotics in third trimester 
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